SUMMARY We studied nine freshmen and 14 senior oarsmen undergraduates during seven months of training and compared them with 17 age and sex-matched sedentary control subjects in order to assess the influence of heavy physical exercise on cardiac dimensions and maximal oxygen uptake. Standard M-mode echocardiographic techniques were used.
Echocardiographic studies have shown that athletes' hearts differ in chamber size and wall thickness from those in sedentary control subjects. 1-5 Whether these differences in cardiac dimensions are merely the result of the effects of training or whether this represents genetic endowment is not known. ' Several studies have shown changes in echocardiographic dimensions after short periods of training.6-8 Changes after longer training periods and the relation between echocardiographic variables and maximal oxygen uptake, however, have not been reported.
In order to assess the influence of a combination of heavy dynamic and static exercise on echocardiographic dimensions, senior and freshmen oarsmen were studied during seven months of training, and changes in maximal oxygen uptake were correlated with changes in cardiac dimensions.
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Methods Twenty-three male oarsmen undergraduates were studied: 14 were seniors and nine were freshmen. Seventeen healthy age-matched students without sports training served as control subjects. Physical characteristics are presented in Table 1 .
The senior oarsmen had completed at least one rowing season. Five were competitors at the 1979 World Rowing Championship. The freshmen had been active in high school sports, but none had participated before in a daily training programme. For the oarsmen serial measurements included an echocardiogram, an electrocardiogram, maximal oxygen uptake, resting heart rate, blood pressure, and weight. These measurements were made in October before training started and after a fortnight, one, four, and seven months of training. Controls were re-examined after one month in order to study reproducibility.
From October until January there was an emphasis on non-specific endurance training, which gradually changed in interval training (training with periods of more intensive muscular work followed by periods of mild exercise or even rest). 9 During the last months of the season almost all training was performed as rowing. Senior oarsmen spent 10 hours weekly training in the period before January, increasing to 14 hours a week during the last months of the season. Freshmen trained less: six hours a week before January, increasing to 12 hours a week at the end of the season. (Table 3A) . When echocardiograms of the oarsmen at the beginning of the training period were analysed by a second observer, slightly lower values for interventricular septal thickness and left ventricular posterior wall thickness were found (Table 3B) . Despite absolute differences between the two investigators, probably a result of measurement technique, the observed differences between freshman and senior oarsmen and the changes during the rowing season were identical. At the beginning of the season senior oarsmen had greater left ventricular end-diastolic dimensions, interventricular septal thickness, and left ventricular posterior wall thickness than freshman oarsmen and control subjects (Table 2 and Fig. 2 ). Right ventricular end-diastolic diameter was greater in seniors than in control subjects. Aortic root diameter was greater in senior oarsmen than in freshmen, but did not differ from control subjects. Left atrial diameter was greater Fig. 2 ). Maximal oxygen uptake of freshmen after one and seven months of training and maximal oxygen uptake of senior oarsmen after seven months of training differed from maximal oxygen uptake at the start of the rowing season.
RELATION BETWEEN ECHOCARDIOGRAPHIC VARIABLES AND MAXIMAL OXYGEN UPTAKE
Correlation coefficients between echocardiographic variables and maximal oxygen uptake were calculated overall. Calculation ofcorrelation coefficients for each 70 50 30 10 period and for each group separately did not improve the correlation coefficients. The correlation between maximal oxygen uptake and left ventricular enddiastolic dimension for freshmen and seniors was, respectively, -007 and 0 05, between maximal oxygen uptake and interventricular septum, respectively, -0d18 and 0-24.
Discussion
Echocardiographic dimensions found in our control subjects (Table 2) are very similar to those of comparable control groups in recent studies. 2 12 Our senior oarsmen had a left ventricular enddiastolic dimension, left ventricular posterior wall thickness, aortic root diameter, and percentage shortening comparable to champion sprinters, a left atrial diameter comparable to marathon runners, and an interventricular septal thickness in between sprinters and marathon runners in one of these studies.2 Right ventricular end-diastolic diameter was not mentioned in that study, but an increase in this variable in athletes has been described before. [3] [4] [5] Freshman oarsmen differed from control subjects only in left atrial size at the beginning of the rowing season. An increase in left atrial size in athletes has been described before2 5 has been found in a previous study. 17 The fact that freshman oarsmen had smaller left ventricular cavities and wall dimensions than senior oarsmen, but almost identical praecordial voltages must mean that a praecordial voltage is related to factors other than left ventricular hypertrophy such as body type and muscle mass. Freshman oarsmen differed in almost all echocardiographic variables from control subjects at the end of the rowing season-they had become more "senior".
Since no relation was found between maximal oxygen uptake and echocardiographic dimensions and since there is a poor correlation between echocardiographic measurements and competitive performance in well-trained and world-class athletes,1 5 ultrasound measurement at rest cannot be a simple substitute for the determination of maximal oxygen uptake.
During the training the programme was changed from nonspecific training, consisting mainly of endurance and interval training outside the boat, to very specific training, consisting of rowing only. The remarkable increase in maximal oxygen uptake that was found between four and seven months of training in both freshmen and senior oarsmen occurred only during the latter. Differences in weekly duration of the training during the whole year do not seem to be extensive enough to explain the change of maximal oxygen uptake in this period. The possibility exists that the intensity of the training was considerably changed from the moment that the specific training began. Perhaps it provided better motivation to work at higher intensity. Another explanation may be that the limitation of maximal oxygen uptake has to be sought in the use of muscles that are employed in rowing,'8 which are not called on during the training outside the boat.
Whether the high intensity or the specificity of the training regimen is responsible for the increase in the maximal oxygen uptake, from this study it is clear that, for oarsmen, rowing seems to improve their performance capacity much more than nonspecific endurance or interval training. 
